Potential for Carbon Sequestration and
Greenhouse Gas Mitigation in California
Soils: A Scoping Study.

Presented by

William Salas’, Changsheng Li?
and Marc Los Huertos?

1 Applied GeoSolutions, LLC, 10 Newmarket Road, Durham, NH, 03824,
wsalas@agsemail.com, 603-868-2369
2 Complex Systems Research Center, University of New Hampshire, Durham,

NH 03824, changsheng.li@unh.edu
3 Environmental Studies, UC Santa Cruz, Santa Cruz, CA, marcos@ucsc.edu

Presented at CEC’s First Annual Climate Change Conference, Sacramento, CA, June 2004 ©Applied GeoSolutions, LLC


mailto:wsalas@agsemail.com
mailto:changsheng.li@unh.edu
mailto:changsheng.li@unh.edu

Role of Process-based Models for
Emission Inventories, Policy Analyses,
and Mitigation Studies

» Spatial and temporal variability in
— Climate
— Soils
— Management Impacts

» Long-term impacts”? Decade”? Century?
* C and N coupling: Effect on GWP!

Must move beyond the emission factor approaches!
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Climate Impacts

Effects of Temperature on Long-Term Soil C Storage
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Site Variability: Soil Impacts

Effects of Soil Texture on Long-Term Soil C Storage
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Soil C storage, kg Ciha

Management Impacts

Effects of Farming Practices on Long-Term Soil C Storage
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DNDC modeled changes in soil organic carbon content (SOC) and nitrous oxide
(N20) emissions from a corn-soybean rotation under two different management
systems. Initial soil conditions were set to be identical with the same nominal climate
conditions. It is clear that a constant or even site specific emission factor for N20O
would not capture the temporal dynamic of emissions.
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Objective of Scoping Study

» Use the Denitrification-Decomposition, or
DNDC, process-based soill
biogeochemical model to simulate recent
SOC dynamics and N,O emissions at the
county scale for California, and

 Make recommendations for more detailed
studies on carbon sequestration and N,O
emissions under a wide scope of
alternative management scenarios.
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DNDC Model

ecological
drivers
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‘How DNDC Links Management to C and N Dynamics:

Elemental Biochemical & Environmental Ecological
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DNDC Links Ecological Drivers to Crop Yield/Trace Gas Emission

INPUT

Climate
- Temperature
- Precipitation

Soil properties

- Texture DNDC

- Organic matter containing

- Bulk density - fundamental

- pH biochemical
&
geochemical
processes

Management

- Crop type

- Tillage

- Fertilization’

- Manure use

- lIrrigation

- Grazing
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OUTPUT

Production of CO2,
CH4, N20, NO, N2,
and NH3

Used by
microbes

of soil water,
NH4, NO3,

Competition

Growth of
crop biomass

Used by
plants
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Climate and Management Scenarios

« 1983 Climate: Since our baseline year 1997 was a relatively hot
and dry year for California, we ran a scenario using climate data for
1983, which was relatively cool and wet year.

« Alternative litter incorporation: We varied our assumption
regarding the amount of residue left on site from our baseline
assumption with 50% to 0% to 90% of aboveground litter
incorporation.

« Alternative irrigation: Our baseline scenario had the irrigation
index set at 1, signifying that crops were irrigated to exactly meet
agronomic demand. We ran a scenario where crops were over
irrigated by 10% by setting our irrigation index at 1.1.

« Alternative manure amendment: Our baseline scenario had no
manure amendments. For this scenario we applied 2000 kg C/ha
with 90% residue incorporation for all of crops in all counties.

* Multiyear climate: 18 years of climate data (1980 through 1997) for
two counties (Fresno and Sutter), with 90% residue incorporation.
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DNDC Validation

* Approach:
— Site scale validation
— Independent researchers

— Sites have covered wide range of agro-ecosystems,
soils and climate conditions

— California: preliminary SOC validation, additional
validation analyses is on going ...

« Regional Applications: scaling site to region

— Uncertainty analyses based on variability of input
parameters: Most Sensitive Factor (MSF) and Monte
Carlo Analyses
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Observed and DNDC-modeled average annual SOC changes at 27 sites in agricultural lands in
Colusa, Fresno and Glenn Counties, CA during 1949-1999
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Field observations were provided by Dr. M. Singer (DeClerck et al. 2003).
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Observed and DNDC-ModeIed N20 Fldxes from Agricultﬁral Soils in the U.S., Canada,

the U.K., Germany, New Zealand, China, Japan, and Costa Rica
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County Level Input Data

« Climate Data (daily Tmin, Tmax, Precip)
* Crop type and areas by county

» Solls (carbon, pH, texture, and bulk
density)

 Management Practices (fertilizer, tillage,
irrigation, planting/harvesting dates, etc)

« Scenarios for Carbon Sequestration
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Climate Data Inputs:

 Minimum Needs: Daily Tmax, Tmin, Precip

e Sources: Station data: NCDC and CIMIS,
gridded DAYMET (NCAR/U Mont) data

DAYMET:

— Produces daily temp, precipitation, humidity and
radiation based on station data

— Performs interpolation based on “spatial convolution
of a truncated Gaussian filter”

* Analysis: Using 1997 and 1983 daily DAYMET
data for station nearest County centroid.
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County Agricultural Data

» Various Sources of California
data: County Commissioners
Reports, FRAP (Fire
Resource & Assessment
Program, CDF), NASS, DWR
—> All have pluses and
minuses!

« Used DWR mid-1990s data:

— Sub-county spatial resolution

— Based on Aerial Photos coupled
with field surveys

— Total crop area: 38,344km?
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GIS Database

Truck crops
[ ] Artichoke

[ Green Bean

| | Lettuce

I Melon/squash
[ pea

[ ] Nursery
Miscellaneous
[] Other berries
Il Strawberries
Other Land Uses
[ Crop - citrus, deciduous, field
[ ] Pasture

B semi-agriculture (dairy feedlot etc.)
[ Matural Vegetation

[ Urban (residentia., industrial, road, etc.)
Bl Vater
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DWR Crop Areas (km*2)
Total Crop Area: 38,344 km*2
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Soil Carbon Content (Max)

Soils Data: NRCS STATSGO
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and NRCS STATSGO data.
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Management Data

» Compiled data on T L
tillage practices,
fertilizer use, 140 41(100)and 6 (40) 31 and 120
planting and Cor 140 411 (140) 145 and 12/1
harvesting dates, i 00 121 @0)and 2 (70) 85 and 1015
and irrigation Oats 100 6/1 (100) 31 and 12/1
practices. 0 A

Deciduous

— Sources: Surveys Fruit 110 4/1 (55) and 7/1 (55) 25-Dec
(from CARB Fugitive ... ) e a1, 41 ane
Dust Study) and

Vineyards 70 3/1 (35) and 6/1 (35) 4/1 and 11/1
UCCE CrOp Cost 3/1 (165) and 6/1
5 Lettuce 265 (100) 1/15 and 11/1
Studies
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Regional Applications of DNDC

« Estimating uncertainties is a critical Issue
In scaling site to region
— Uncertainty analyses based on variability of

input parameters: Most Sensitive Factor
(MSF) and Monte Carlo Simulations

— Qutputs provided in ranges. (e.g. 3.5 to 5.4 kg
N,O/ha)
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Results: Presented as Ranges

* In general, SOC dynamics and N20O emissions are most sensitive to the
initial SOC content (relative to soil pH, texture, and bulk density)

* For each cropping system in each county, we run DNDC twice with the
maximum and minimum SOC values, respectively. The two model runs will
produce two results of SOC change (or N20 flux). The two flux values form
a range, which we contend will, with a high probability, be wide enough to
include the “real” flux.

Frequency of SOC changes for non-legume hay lands in
Modoc, CAin 1997

MSF — 400 -

350

300 A

250

200 A ]

150

Frequency, 1/2000

Monte Carlo 50 > ]

3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000
SOC change, kg C/halyr

Presented at CEC’s First Annual Climate Change Conference, Sacramento, CA, June 2004 ©Applied GeoSolutions, LLC



Ranges in C Sequestration by crop type based on
the max (blue) and min initial SOC (maroon)
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- Net GWP: Baseline Scenario
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Baseline Results:

e Baseline: 1997 climate with 50% residue
Incorporation

» Carbon Sequestration: -0.6 to 6.1 Tg
(-22.4 to 2.2 MMT CO, eq.)

* N,O Emissions: 0.21 to 0.51 Tg N
(10.0 to 24.7 MMT CO, eq)

* CH, Emissions: 1.1 to 1.7 MMT CO, eq.
* Net GWP: -10.6 to 28.0 MMT CO, eq.
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C Sequestration Rates by Scenario
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Impact of Scenarios

« Climate impact: Shifting climate data from 1997 to 1983 resulted in
a slight increase in total carbon sequestration for California, likely
due to slightly cooler and wetter weather resulting in lower
decomposition rates.

« Impact of residue incorporation: Increasing aboveground litter
residue incorporation from 50% to 90% could significantly increased
C sequestration rates by about 700 kg C/ha/yr. With higher residue
incorporation conditions, California agricultural soils could be a
significant sink (2.2 to 9.0 Tg) of carbon. On the other hand, if all
aboveground residue is removed from the field, then agricultural
soils could be a small 0.4 Tg sink to a large 7.8 Tg source of carbon.

« Impact of manure amendment: Increasing manure application
from 0 to 2000 kg C/ha with 90% residue incorporation substantially
_el_le\éated C sequestration in California agricultural lands to 9.6-16.5

g C.

« Over-irrigation impact: Increasing the irrigation index from 1.0 to
1.1 slightly increased C sequestration, most likely due to the
decreased decomposition rates under higher soil moisture
conditions.
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Recommendations

« Management Data Collection. Data collection should be conducted to
obtain a better spatial representation of management practices to account
for regional and cropping system differences. The critical data needs
include residue management and manure amendment. These data are
required to more accurately estimate soil C inputs. Residue management
practices have changed significantly in response to regulatory actions, (Rice
Straw Burning Reduction Act of 1991 and SB 705 goal to phase out open
field burning of agricultural waste).

* GIS Soil Databases. Soil properties, in particular SOC content, have a
significant influence on carbon dynamics and trace gas emissions. Use of
the improved spatial and thematic resolution SUSRGO data will improve
model estimates of carbon dynamics and GHG emissions.

* Rigorous model validation. Although DNDC has been validated across a
wide range of agroecosystems worldwide additional validation is important
to quantify how well the model performs in simulating carbon dynamics,
N20 and CH4 emissions for the wide range in Californian agroecosystems.

- Evaluation of additional management scenarios. Several additional
scenarios should be considered for studying mitigation alternatives,
including for example:

— no-till, conservation tillage, and conventional tillage;
— optimized fertilizer application rates; and
— use of cover crops.
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Linking Science to Policy:
Role for Decision Support Systems

GIS Data Server:
Climate: NCDC & DAYMET

Soils: NRCS STATSGO &
SUSRGO

Ag Census NASS. DWR Land
use, etc

Field Studies:
Model refinement
Validation
Auditing/verification

Remote Sensing Product Generation
Data: IKONOS, Landsat ETM, MODIS
RS Products: Crop Type, Crop
Phenology, including planting and harvesting
dates and LAI, Management Data, including

e Tillage practice (conventional, vs

no-till)
Tillage timing
Use of cover crops
Irrigation
Residue manasement

DNDC
Biogeochemical
Processor:

Long-term soil fertility: SOC

Emissions of CO2, CH4, N20,
N2, and NH3

Nitrate Leaching

Sensitivity and Error Tracking System
- provides estimates sensitivity estimates
- tracks differences between field and

Management Parameter Server:
-system will contain defaults for all management
parameters (e.g. fertilizer, manure, tillage, crop cycles,
crop types, irrigation, etc. )

-users can then change management parameters and
modify soil properties on a field by field basis if they have
access to better soils data. Individual fields can be selected
using GIS tools and aerial photos from aerial photo server
(see figure for example).

'

Record Keeping System

-tracks historical management
-keeps inventories of GHG, SOC,
NH3 and nitrate fluxes.

GIS Map Server
- creates user defined
maps.

Report Generator

Model estimates
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i -produces summary reports with
maps
- incorporates regulatory
guidelines regarding fert and

P> manure applications
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Thank You!
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